
LECTURE 1

TSUNAMIS: GENERAL



TSUNAMI

Gravitational oscillation of the mass of water in the
ocean, following aDISTURBANCEof the ocean
floor [or surface].

Improperly called

• Tidal wave

• Raz-de-maré e [French]

• Flutwellen [German]

Properly called

→ Maremoto [Spanish, Italian]

→ Taitoko [Marquesan]

→ Tsu Nami (Harbor wav e) [Japanese]



junk



(PERIODS: 600 to 3000 s)



                           
• Interaction with Coastlines — Shoaling

Upon shoaling, the wav e slows down considerably
(v = √  g H), and its energy, which was spread over
the deep ocean column, must be squeezed into a
now shallow water layer.

→ Hence, the wave amplitude increases consider-
ably, often toseveral meters, or tens of meters.

→ It can penetrate as much as several km inland.

[U.S. Navy]

On 13 August 1868, during the Arica, Peru earthquake and
tsunami, theUSS Wateree was moved 3 km inland, and
stopped only by the presence of cliffs. On 09 May 1877, a new
tsunami moved its remains back to the shoreline, where the
boilers where left to rust for more than 100 years.
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TSUNAMI GENERA TION (ctd.)

Landslides
Fatu Hiva, Marquesas Islands, 13 September 1999

The beachfront school house at Omoa was severely flooded by
two "rogue" wav es which also destroyed the ice-making plant
and several canoe shacks and copra-drying stands.

Miraculously, there were no victims, even though 85 children
were attending school.

Estimated Volume of Rock Slide: 4 million m3

1999 FATU−HIVA TSUNAMI: The SOURCE
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THE PAPUA NEW GUINEA (PNG) TSUNAMI

  17 JULY 1998
• 2200 people killed
• Ten villages eradicated

YET, The Earthquake
was relatively small

(Mm = 6. 8)

• Run-up (up to 15 m) too large for Seismic Slip

• Large run-up and devastation concentrated on short segment of coast

• No far-field tsunami

• Tsunami late by approximately 10 mn.



IT IS THERE !!!

PNG TSUNAMI GENERATED BY UNDER WA T ER
LANDSLIDE TRIGGERED (with DELAY) by EARTHQ UAKE



LESSONS FROM 1998 PNG TSUNAMI

→ Underwater landslides (or slumps) can con-
tribute significant tsunami hazard in coastal
areas.

• Trigger can be even moderate earthquake.

LOS ANGELES BASIN

Long Beach

SANTA BARBARA CHANNEL

[G. Greene, 2000]



Catastrophic Landslidesare known to occurRARELY, but REGULARLY
over Geological Time.

A recent one, dated 6000 BC, and possibly triggered by the failure of gas
hydrates following deglaciation of the Fennoscandian Ice cap, is documented off
the coast of Norway.

Tsunami Deposits from the Storrega Event have been identified in Scotland, and
Scandinavia.

3 − 6 m

11 m20 m



TSUNAMI GENERA TION (ctd.): Volcanic Explosions at Sea
Krakatoa[Sunda Straits],27 August 1883 Santorini (Θη ρα ), 1630± 20 B.C.

[Minoura et al., 2000]

[Press and Harkrider,1966]



TSUNAMI GENERA TION (ctd.)

Catastrophic Bolide Impact

• Chicxulub, Yucatan["K/T boundary event"], 65 million years b.p.

10-km (?) size impactor; ˜100-million-megaton explosion;
Extinction of dinosaurs (??).

[Bourgeois et al.,1988;Stinnesbeck and Keller,1996]

• IMPACT

 
• CLASTIC

DEPOSITS



(a)

(b)

(c)

TSUNAMI CAN: FLOODFLOOD

Port-Mathurin,
Rodrigues [Mauritius]

26 DEC 2004

D = 4300km

Run−up = 1.8meter



TSUNAMI CAN: DESTROY STRUCTURESDESTROY STRUCTURES

Camana, Peru,2001Mosque, Banda Aceh,
2004

House stilts and Bucket ( → )
Sissano, Papua New Guinea,1998

House stilts and Sand Deposit,

Arnold River, P.N.G.,1998

← 8 m



TSUNAMI CAN: MOVE ANYTHINGMOVE ANYTHING

and Transform it into a PROJECTILE

CAUSE FIRESCAUSE FIRES

Locomotive moved 1 km, Seward, Alaska,1964

Locomotive, Sri Lanka,2004

Boats,Sri Lanka,2004 Boats and port debris,Okushiri, Japan,1993



Death Toll in perspective (Earthquakes)

Year Region DeathToll

Absolute Scaledto
Global Population

1556 Shansi 800,000 1/625
1780 Iran 280,000 1/3000
1976 Tangshan 250,000

2004 Sumatra 250,000 1/24,000

2005 Pakistan 50,000 

1920 Kansu 200,000
1923 Tokyo 200,000
1927 Tsinghai 200,000
1755 Lisbon 70,000 1/10,000
1908 Messina 70,000
1970 Peru 66,000

1999 Turkey 40,000
2003 Iran 40,000
1896 Sanriku 30,000
1989 Armenia 30,000
1939 Chile 25,000
1906 Valparaiso 20,000
2001 India 20,000

.....

1906 SanFrancisco 3,000
1989 LomaPrieta 68

For reference: Hiroshima: 200,000

Death Toll in perspective (Tsunamis only)

Year Region DeathToll

Absolute Scaledto
Global Population

2004 Sumatra 250,000 1/24,000

1755 Lisbon 70,000 1/10,000
1896 Sanriku 30,000 1/53,000
1952 Kamchatka 5,000
1960 Chile 5,000
1933 Sanriku 3,000
1998 Papua New Guinea 2,200
1994 Flores 2,000

2006 Jav a 700

1946 Aleutian 170
1992 Nicaragua 170
1964 Alaska 122
1929 Newfoundland 18

1883 Krakatau(Volcanic) 30,000 1/50,000

For Reference

Middle Ages Great Plague 1/30 ?

20th century WWI +Influenza 30,000,000 1/60
                      



TSUNAMI CAN: DEPOSIT SEDIMENTDEPOSIT SEDIMENT

Camana Beach, Peru,2001

Tofino, B.C., Canada,1700

Kamchatka,1952

TSUNAMI

Volcanic Ash, 1904
←

TRENCHES CAN REVEAL HISTORICAL

or   PALEO- TSUNAMIS

→



TSUNAMI CAN: ERODE (SCOUR)ERODE (SCOUR)

[ during Down-Draw ]

Road bed destroyed at
Panadura, Sri Lanka,26 Dec. 2004

Tsunami wav eebbing and Scouring away riv er bed
Port Mathurin, Rodrigues,26 Dec. 2004.



LOCAL EFFECTS, SUMATRA 2004

[R. Davis,AusAID]

Run-up reaching 32m

Inundation reaching:Several km



WHAT CAN THE SCIENTIST DO ?

• Theoretical Studies
Explore Physical Nature and Properties of Wave; Propagation
* Excitation by Various Sources

• Research and Development for Real−Time Warning
Explore Relationship with Seismic Source
Develop Algorithms to Identify in Real Time
Tsunamigenic Character of Earthquakes
* I mplement

• Numerical Simulation
Develop Codes to Simulate Numerically Propagation of
Tsunami and Especially Interaction with Shores
* Develop and Deliver Inundation Maps in Realistic Scenarios

• Laboratory Experiments
Investigate Influence of Crucial
Parameters on Wave Generation
* Validate Simulation Codes

• Post-Tsunami Surveys
Map Extent of Tsunami Inundation and Damage
Produce Datasets to be used as Targets of
Hydrodynamic Simulations
* Reconstruct Physical Model of Phenomenon

• Education and Outreach



MODELING OF LANDSLIDE TSUNAMI

SKAGWAY , ALASKA; 04 NOV 1994

[Synolakis and Bernard,2006]



LANDSLIDE SIMULA TIONS

• In the Laboratory (Top)

• Numerical Computation (Center)

• Comparison (Bottom)

[Liu et al.,2005; C.E. Synolakis;pers. comm., 2005]



TSUNAMI MITIGA TION — Early Attempts

Medieval Japan The Enlightenment

( Lisbon Tsunami — 01 November 1755 )

Kashima restrains Namazu

Committee of Experts from Coimbra
University recommends Auto-da-fe

[Voltaire, Candide ou l’Optimisme,1759]

More Modern Approach
• Protection: The walls of the Japanese coastline.

[Fukuchi and Mitsuhashi,1983]

→→
←←



TSUNAMI MITIGA TION (ctd.)

• Walls... Whatheight ? Okushiri Island, Japan, 13 July 1993



TSUNAMI WALLS: ENGINEERING ASPECTS

[Fukuchi and Mitsuhashi,1981]

Okushiri, Japan (2003)

Note Built-in Stairways



FROM SIMULATIONS T O PLANNING & MITIGA TION
Example of Newport, Oregon



EDUCATION

GOAL:Raise awareness of tsunami hazard in coastal
populations to

• Improve Response to Future Warnings

• Motivate Self-evacuation in Absence of Warning

FORMSof Education:

Ancestral

Formal -- School,              
Civil Defense

Casual -- Survey Teams

Chala, Peru, 2001.Salvador Salsedo (center) noticed the withdrawal
of the sea after the earthquake, and warned villagers to get to
high ground. His self-described "knowledge of the sea" stems
from an ancestral heritage among fishermen of the coast of
Southern Peru.

Tsunami Drill,
Sendai, Japan



OUTREACH and EDUCATION DURING SURVEYS

Talk in Schools

Hand out [translated] USGS leaflets

Hold "beachfront meeting"

E.A. Okal and J.C. Borrero,
Isla Juan Fernandez (Chile), 2000

C.E. Synolakis, Vanuatu, 1999

C. Ruscher, Vanuatu, 1999

Peru, 2001



THE MESSAGE

• If you feel ANY earthquake and are
close to the water,

RUN for the HILLS !!

• If you observe the sea retreat,   
DO  NOT WAIT, but rather

RUN for the HILLS !!

• RUN (or WALK); DO NOT DRIVE

• Stay at 15 m altitude

• Remain until sea has calmed down,
then wait at least TWO HOURS.

DO NOT EXPLORE

EXPOSED BEACHES !!

RUN TO SAFETY ON HIGHER GROUND !!

Coral Reef (normally invisible)

EDUCATION is NEEDED !

Sumatra Tsunami, Madagascar, 26 Dec. 2004


